Received September 7, 1982 Revised version received December 20, 1982 Establishment of Nucleolar Deficient Sublmes of PtK2 nucleolar deficiency were isolated and cloned. Five nucleolar deficient sublines of PtK2 WA were established, thus providing an experimental system to study the ribosomal genenucleolar organizer complex.
Since 1969, a series of studies involving laser microbeam irradiation of mitotic chromosomes in tissue culture cells was undertaken [HI. These early experiments demonstrated that it was possible to irradiate selectively the nucleolar organizer region of the chromosome and thereby produce post-mitotic cells with deficiencies in various numbers of nucleoli on the basis of how many nucleolar regions were irradiated. In 1972, it was reported that a newly developed tunable wavelength laser microbeam could provide wavelengths at a wide variety of energy densities from the ultraviolet (UV) (240 nm) through the entire visible portion of the spectrum [5] . Meanwhile, it was possible to minimize the damage and produce desired chromosome lesions without using any vital stain [6, 7, 81 when either UV or visible wavelengths were used.
The tetraploid subline PtK2 WA derived from the male rat kangaroo, Potorous triductylis, possesses several advantageous features which facilitate laser irradiation. They have two nucleoli per cell and remain relatively flat during mitosis, thus making the microirradiation of the nucleolar organizer region easy to do [9] . Using this cell line, a clone of cells maintaining the nucleolar deficiency was isolated from a single cell in which one nucleolar genetic region was irradiated illI.
In the present study a series of experiments was conducted by focusing the UV laser microbeam onto one of the nucleolar organizer regions in cells of the PtK2 WA subline. The purpose of this study was to establish sublines of PtK2 cells with selectively induced nucleolar deficiencies and to examine the stability of these deficiencies as well as the growth and survival of the cell populations.
Material and Methods
Cell culture. The cells used in this study are from a tetraploid subhne designated PtK2 WA that was derived from near diploid male rat kangaroo PtK2. This line has maintained the tetraploid condition for over 5 years. Most of the PtK2 WA cells have two nucleoli per cell. The cells are grown as monolayer cultures in a modified Eagle's medium containing 0.85 NaHCOX per liter, supplemented with 10% fetal calf serum (FCS) in T25 flasks prior to seeding into Rose multi-purpose culture chambers for irradiation. One glass coverslip and other quartz coverslip (thickness of '0.32 mm) manufactured by Esco Company (Oakridge, N.J.) were used for the chamber windows. Cells growing on the quartz coverglass were irradiated with the UV laser beam.
Laser irradiation. The microbeam system utilizes a Quantronix no. 116R pulsed neodymium-YAG laser with an output energy of 5 kW at the second harmonic wavelength of 532 nm. The green laser beam (532 nm) was frequency shifted to 266 nm by passage through a fixed frequency ADP second harmonic generator, Chromatix model no. 1050. The final laser output at 266 nm was 500-l 000 W with a pulse duration of 80 nsec. Experiments were conducted using 266 nm laser light.
The UV beam of laser light was next deflected into a Zeiss photomicroscope by an especially designed, highly UV-reflective dichroic filter. The cell image was then projected onto a high light sensitivity television camera (RCA no. TC l@JO). A television monitor with a cross-hair depicted the point of laser focus. The target area of the cell was then moved under the cross-hair on the monitor screen, and the laser was triggered by remote control.
Isolation and cloning of cells. Following irradiation, the cells were followed until they completed mitosis. After the two post-mitotic daughter cells, each with one nucleolus, were produced, the Rose chambers were opened in a sterile laminar flow hood and the non-irradiated cells were cleared away from the irradiated cell using a pneumatic micromanipulator [6, 7, 8] . The chamber was then placed in the CO2 incubator at 37'C. The cells were monitored continuously under the light microscope. The killing of non-irradiated cells which migrated into the proximity of the cloned cells was performed by laser irradiation or micromanipulation. Trypsinization was used to remove the clonal descendants of the irradiated cell from the Rose chamber. The cells were transferred to a culture flask until thousands of subsequent daughter cells were produced.
Chromosome preparation. Cloned cells derived from irradiated cell were analysed cytochemically for the nucleolar organizer region by modified silver staining methods [12] . Mitotic dividing cells were blocked by treatment with 0.06 @ml colcemid for 4-6 h, swollen with 0.075 KCl, fixed with acetic acid : methanol (3 : l), dropped onto slides, and air-dried. A fresh solution of 0.5 g silver nitrate in 1 ml of distilled water was prepared. Drops of silver nitrate solution were placed on slides with good spreads of chromosomes, then a coverslip was placed on the slide, and kept in a 37°C incubator for 20 h. When the reaction attained the desired darkness, the slides were counter-stained with Giemsa stain, air-dried and mounted with Permount. Chromosome spreads were located and photographed on a Zeiss photomicroscope with a 40x objective using Kodak high contrast copy film. Irradiation of the PtK2 WA cells was usually conducted 3 days following seeding of the cells from culture flasks into Rose chamber. Appropriate cells with two nucleoli in early prophasewere selected for irradiation. Early prophase was characterized by nuclear membrane breakdown, chromatin condensation, and nucleolar disappearance. UV laser beam was focused onto one of the two nucleoli through a 100x Zeiss ultrafluar objective to a spot diameter of approx. 0.25 urn. The cells irradiated were followed and observed continuously until they completed mitosis. Since irradiation of the nucleolus resulted in damage to the nucleolar DNA, resynthesis of only one nucleolus in each of the two post-mitotic daughter cells was observed. This result is similar to the results reported earlier u11.
As shown in table 1, the experiment was repeated 43 times. Two daughter cells, each deficient in one nucleolus, were produced 24 times (55.8 % of the total cells studied). Of the 24 cases, 13 did not divide any further, and 11 continued through additional mitosis.
The isolation and cloning procedure was similar to that devised earlier for irradiated cells [6, 7, 8, 1 I] . When the clonal descendants of the original irradiated cells had reached contluency, the culture was subcultured until enough cells were available for freezing in liquid nitrogen. After establishment of the frozen stocks, the clonal cells still growing in the T25 flasks were analyzed further by karyotyping.
The cloning results were summarized in table 2. Six clones were not established as sublines and were lost because of mechanical or contamination problems during the cloning process. Five clones of irradiated cells maintaining the nucleolar deficiency were produced and established as sublines. The cloning efficiency of 69% was similar to those obtained in earlier studies involving chromosomal laser microbeam irradiation [6, 7, 81. It was interesting to note that in the case of two clones, following several generations of cell division, some cells in the population had a normal nucleolus plus a small micronucleolus and other cells had only one nucleolus ( fig. 2A-D) . In addition it was observed that following further generations, some cells in the population returned to the normal two nucleolar conditions. The explanation of the initial recovery of one small nucleolus in subsequent daughter cells was probably due to the fact that the damage following laser irradiation of one of the nucleolar regions was partially repaired after several generations, thus resulting in the synthesis of a small nucleolus. The damage was eventually totally repaired, thus resulting in a cell with two normal nucleoli. However, the fact that a significant proportion of the cells never returned to the two nucleolar conditions is interesting. Since all of the cells are cloned descendents of the original irradiated cells, it is surprising that some can correct the deficiency and others cannot.
The results of silver staining demonstrated that silver stain was restricted conspicuously to the nucleolar organizer regions of the chromosomes in PtK2 WA cells. With respect to the clones derived from irradiated cells, there were two patterns of silver staining of the secondary constriction of X-chromosomes. Firstly, in the clonal population that maintained the nucleolar deficiency in all cells, silver spots were observed on only one of the X-chromosomes ( fig. 3 A, B) . These results are in agreement with the earlier report using Giemsa banding [l 11. Secondly, in the case of cells each with one normal and one smaller nucleolus, Ag-staining spots were observed on both of the X-chromosomes ( fig. 3 A, II) . This pattern was similar to that observed in control unit-radiated PtK2 WA cells. This result indicates that the nucleolar organizer associated with the irradiated chromosome either repaired at the same time subsequent to irradiation, or the initial irradiation did not destroy the nucleolar organizer, but rather inactivated it. Either one of these mechanisms would be consistent with numerous studies on whole organisms that have demonstrated a high degree of plasticity and functional regulation of the ribosomal genes [131. The results reported here suggest that similar mechanisms can be induced in culture cells, thus providing an experimental system to study the ribosomal gene-nucleolar organizer complex.
